Isometric muscle tension developed in response to motor nerve stimulation is probably the most objective means at present available clinically for assessing neuromuscular block (Katz, 1965) . With the techniques available, however, this cannot always provide a reliable answer to the problem which may occur at the end of a period of anaesthesia in which non-depolarizing muscle relaxants are used, whether there is, or is not, still some residual neuromuscular block. The author proposes to define residual neuromuscular block as a situation in which a proportion of the endplate potentials are not reaching the critical threshold level.
If the twitch response has been monitored throughout then control responses, obtained before curarization, will be available for comparison. Without these, other means of assessment must be employed. The usual methods are:
(a) To observe the twitch response without the benefit of controls. This can only be of use in detecting profound degrees of block.
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(b) To monitor the effects of further anticholinesterase therapy. This may be a useful practical guide but because these drugs have multiple actions, including postjunctional block (Roberts, 1963) , the results cannot always be relied upon, and they certainly offer no proof of the presence of neuromuscular block. (c) To demonstrate tetanic fade and posttetanic facilitation. Both these features are unreliable unless there is present a considerable degree of block. Tetanic fade is not only a function of the degree of curarization but also of the frequency and duration of the tetanus. It can occur in the absence of curarization or, as has been shown by Katz (1965) , it may be absent during a 40-50 per cent block following tubocurarine.
Post-tetanic facilitation is markedly influenced by the duration of the preceding tetanus (Liley and North, 1953) as well as by the degree of curarization, by the frequency of stimuli during the preceding tetanus and by the post-tetanic interval. The phenomenon, like tetanic fade, can also occur in the absence of neuromuscular block (Brown and v. Euler, 1938) , in which case the facilitation must be due to a change in the contractile response or to repetitive firing of nerve or muscle.
Neuromuscular block may be overcome by delivering two closely spaced stimuli to the nerve and so producing two endplate potentials, the second of which adds its effects to that of the first, so attaining the threshold level of depolarization required to produce a muscle action potential. An increase in twitch response to this endplate potential summation would indicate that there must have been some neuromuscular block present, for if there were no block, all the endplate potentials would be reaching threshold and increasing their amplitude could have no further effect.
The objects of the investigation reported here were (a) to demonstrate the summation of endplate response produced by a double stimulus; (b) to elicit the effects of a double stimulus of varying stimulus interval on nerve and muscle activity; (c) to show how, by the simple comparison between twitch tensions resulting from a single stimulus and that of a double stimulus of particular interval, it may be possible to expose neuromuscular block.
Further work is planned which will attempt to prove that such a comparison produces valid results in the curarized human subject.
EXPERIMENTAL PROCEDURES
Endplate potentials were recorded with microelectrodes (Fatt and Katz, 1951) , in vivo, in the rat-tail preparation (Steg, 1964; Roberts and Thesleff, 1965) . This work was mainly performed in the course of an investigation of the effects of repetitive stimulation on the endplate response. Results taken from this investigation are used here solely to illustrate the effects at the endplate of a double stimulus.
Nerve action potentials were recorded with surface electrodes from the ulnar nerve at the elbow in a human volunteer, following nerve stimulation at the wrist. This retrograde technique was used to overcome interference from muscle action potentials which occurred when recording was attempted distal to the point of stimulation.
Muscle action potentials were recorded with surface electrodes from the adductor pollicis in a human volunteer following ulnar nerve stimulation at the wrist.
Isometric tension responses by the adductor pollicis to ulnar nerve stimulation at the wrist were recorded from a strain gauge transducer (P type strain gauge; Ether, Langham and Thompson) mounted on a Palmer myograph spring, which in turn was anchored to an arm splint.
Square wave stimuli, either single or double, and of 0.1 m.sec duration, were delivered with a stimulator based on a circuit by Attree (1950) . The stimuli were delivered through a pulse transformer in order to lessen the distortion caused by the stimulus artefact. No attempt was made to make the stimulus maximal because of discomfort but twitch tensions were of constant amplitude. An exception was made for part of the experiment described under "Muscle tension" in the results, when a stimulus which was maximal with respect to twitch tension was used.
Amplification and recording of action potentials and tensions was achieved with a transistorized preamplifier (Stevens and Knowles, 1965) , a Tektronix type 502 double beam oscilloscope, and photography.
RESULTS
The effects of a double stimulus are considered according to the manner in which it influenced nerve excitability and conduction, neuromuscular transmission, the electrical activity of the muscle, and muscle tension.
Nerve excitability and conduction.
The aim was to find out in the human subject how closely two stimuli could be spaced before the second failed to produce an action potential and thus to ascertain the refractory period of the motor nerve.
It can be seen in figure 1 that the amplitude of the second nerve action potential progressively decreased as the stimulus interval was decreased. This occurs because an increasing proportion of the nerve fibre population is entering a relatively refractory zone. Relative refractoriness could, of course, be overcome by the use of a stronger stimulus. In this experiment the second action potential disappeared when the stimulus interval was reduced to between 1 and 1.5 m.sec.
Neuromuscular transmission.
The endplate potential is not an all-or-none phenomenon; it is a graded localized depolarization which may have a measurable amplitude of anything between zero and the critical threshold level, above which it is distorted by the muscle action potential. This endplate potential amplitude depends upon acetylcholine output, the availability of receptors and the resting membrane potential. It is only when the critical threshold level is reached that a muscle action potential is fired and this, of course, has typical all-or-none characteristics.
It must be appreciated that under experimental conditions the recorded endplate potential is usually of necessity a subthreshold one (made subthreshold most commonly by blocking of receptors) because otherwise muscle contraction will displace the electrode or cause it to damage the fibre.
The time course of an endplate potential is of the order of 1-2 m.sec to half decay but if, before it has recovered, another nerve action potential arrives at the junction causing a second discharge of acetylcholine, then the depolarizing action of this is added to the residue of the first ( fig. 2) . Not only will this second response have an additive action, and for this reason produce a larger endplate potential, but there is, within an interval of 3 m.sec, actual facilitation of the second endplate potential in this rat-tail preparation (Berry and Roberts, unpublished Figure 3 shows a situation where the endplate potentials are nearer threshold than in the previous example. In the lower trace in figure 3 the second endplate potential has reached threshold and fired off a muscle action potential.
Electrical activity of the muscle.
If a muscle fibre is activated twice at close intervals its "active state" will be prolonged and it will develop a greater tension than if it is activated only once ( fig. 4) . This is just the same as with a tetanus where fusion of muscle contraction leads to a much greater tension than a single twitch.
It would be meaningless in terms of neuromuscular transmission to make any comparison between these two tensions. However, if the interval between two stimuli is reduced below a certain level the muscle will not respond die second time, and the purpose of diis section is to determine this refractory period of the muscle membrane.
The examples depicted in figure 5 shows that as the stimulus interval is reduced the intensity of the electrical activity produced by the second stimulus wanes; this represents a period of relative refractoriness of the muscle, just as with the nerve. Some of the fibres are being activated and some are refractory, and this cannot be influenced by the strength of the stimulus applied to the nerve. The second electrical response disappears altogether when the stimulus interval is reduced to 2.5 m.sec.
Muscle tension.
In a further series of experiments the muscle tension developed by the adductor pollicis muscle was recorded simultaneously with the stimulus signals and the nerve action potentials ( fig. 6 ). It was of interest to find here that up to a stimulus interval of 1.8 m.sec the muscle tension remained constant and was in fact exactly the same as when a single stimulus was delivered. Further increase in die stimulus interval produced progressive increases in tension up to a maximum at an interval of 3.2 m.sec. It can be concluded that below the 1.8 m.sec interval there is no second muscle response and diat between these two intervals (1.8 to 3.2 m.sec) there is increasing muscle response to the second stimulus.
In this experiment maximal stimuli were used and on reducing the stimulus interval die second nerve action potential did not disappear until the interval was just under 1 m.sec, when it did so suddenly. 
DISCUSSION
An attempt has been made in a human volunteer to establish that there is a period of time between the nerve refractory period (below which a second stimulus will not produce a nerve action potential) and the muscle refraaory period (above which a second stimulus will produce a second burst of muscle electrical activity). The nerve refractory period was found to be between 1 and 1.5 m.sec but when a stronger stimulus was used in an attempt to overcome the relative refractoriness of the nerve the second nerve action potential was present and retained its normal amplitude until it suddenly disappeared at the 1 m.sec interval. It can be concluded from this that, provided stimuli of sufficient intensity are used to stimulate the ulnar nerve, two stimuli delivered with an interval between them of 1 m.sec or greater will produce two nerve action potentials.
The muscle refractory period was found to be approximately 2.5 m.sec; however, it is evident from the muscle tensions that there must have been some response to the second stimulus down to an interval of 1.8 m.sec. Therefore to be more certain of eliminating muscle response to the second stimulus this lower limit of 1.8 m.sec must be accepted.
Delay in nerve conduction will be noticed in figures 1 and 6. There is a discrepancy between the stimulus interval and the nerve action potential interval; the action potential interval becomes longer relative to the stimulus interval as the latter is decreased. This is due to the fact that conduction of the second action potential is slowed as the refraaory period is encroached upon, and this cannot in any way be overcome by increasing stimulus strength.
The figure of 1.8 m.sec for the absolute refraaory period of muscle is lower than that FIG. 6 Human nerve action potentials and twitch tensions resulting from double stimuli delivered to ulnar nerve at the wrist. This figure has been traced from original photographs in order to superimpose the tensions.
Stimulus signals indicated by time interval. (1) Stimulus signals, action potentials and twitch tension corresponding to this stimulus interval. (2) Stimulus signals, action potentials, and twitch, tension corresponding to this stimulus interval. Muscle tensions were recorded simultaneously with, action potentials; therefore, in order to gain sufficient separation of the latter, the whole time course of ther tensions could not be viewed.
which is generally accepted and the main reason for this is the conduction delay of the second nerve impulse. The muscle refractory period that has been measured here is in terms of stimulus interval; the interval between these when they arrive at the muscle will be increased in proportion to the distance between the point of stimulation and the muscle. This will be of practical importance because if the ulnar nerve were to be stimulated at some distance from the adductor pollicis muscle with a double stimulus of just sufficient interval to produce two nerve action potentials (1 m.sec), by the time these arrive at the muscle they may be sufficiently separated to excite the muscle twice.
Possible Application to Curarized Human
Subjects. It has been established in a human subject that if two stimuli with an interval between them of 1 m.sec to 1.8 m.sec are delivered to the ulnar nerve at the wrist, then, although two nerve action potentials will reach the adductor pollicis muscle, the muscle will respond only to the first. It has also been established, in the curarized rat, that the second stimulus, if given within this interval, produces summation of the endplate potentials and the summation will be most marked when the second endplate potential is as close as possible to the first.
On the basis of these findings it is possible to predict how the twitch responses of the human subject to single and double stimuli will be affected by curarization.
Uncurarized subject.
Assuming that there is no neuromuscular block in the normal subject the nerve action potentials produced by a single maximal stimulus will give rise to endplate potentials which all rise above threshold. Thus all the muscle fibres are activated and a certain tension develops which may be called TSEVQLENew if a double maximal stimulus be delivered, with an interval of 1 m.sec to 1.8 m.sec between the two stimuli, the first one will give just the same result as the single stimulus, and the second one will have no additional effect because all the muscle fibres are left refractory, i.e.
DOUBLE = T

Partially curarized subject.
If some neuromuscular block is present a proportion of the endplate potentials produced by a single stimulus wul not reach threshold; these muscle fibres will not be activated and T SIxai;E will now be something less than it was in the normal subject.
With a double stimulus the same muscle fibres which fired with a single stimulus will do so with the first one of the pair, then they will be refractory. However, when the second stimulus arrives, facilitated endplate potentials will fire off a number of those fibres whose endplate potentials were previously subthreshold. These fibres firing on the second stimulus will obviously add to the tension, i.e.
The presence of a difference in these tensions is an indication of initally subthreshold endplate potentials.
With regard to the routine investigation of relaxant action the double stimulus technique has an additional advantage, in that it provides means of investigating more deeply curarized preparations which evince no twitch response to single stimuli. In such cases a double stimulus can yield quite measurable tensions and the technique has been employed by the author on a number of occasions following overdose of tubocurarine in the rat while recording muscle twitches from a tail muscle. Figure 7 is purely a diagrammatic representation of the apparent behaviour of tensions in response to single and double stimuli with increasing curarization. This difference does exist in the rat but whether it is fully applicable to the human being, and whether it can be clinically useful, remains to be seen. It is suggested that it may be of use in some clinical situations for the detection of residual or pre-existing neuromuscular block, and also in the investigation of relaxant action.
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